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(54) Semiconductor device including a power supply, and liquid crystal device and electronic

equipment using the same

(57) A semiconductor device capable of preventing
malfunctions of instantaneous lighting, and comprises a
drive circuit, a drive control circuit, and a power supply
circuit. The power supply circuit has a boosting circuit
which is provided with a first power supply potential
VDD being a ground potential from an external power
supply and a second power supply potential VSS, being
a potential other than the ground potential, and raises
the absolute value of the second power supply potential
VSS and charges to the capacitor; and a bias generat-
ing circuit generating a potential to be supplied to the
drive circuit and drive control circuit based on the output
potential of the boosting circuit. A first power supply
potential VDD and the potential of the bias generating
circuits are supplied to the drive circuit which outputs a
potential selected from the potentials VO to V5 supplied
in accordance with the control of the drive control circuit
during a normal power supply period, and, during a
power supply emergency, in which the absolute value
between the first and the second potentials VDD and
VSS becomes lower than a prescribed vale, tuns on a
P-type MOS transistor based on a LOW active signal
from a buffer, whereby all potentials output from the
drive circuit are forcibly set to the first power supply
potential VDD.
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Description

BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a semicon-
ductor device with a power supply circuit mounted ther-
eon, and a liquid crystal device and electronic
equipment using the semiconductor device. Particularly,
the present invention relates to a technique for the pre-
vention of malfunctions which may occur in the case of
power supply emergencies, such as in the case where a
battery is taken out.

Description of the Related Art

[0002] In a liquid crystal device such as a liquid
crystal display, a display operation is implemented when
a voltage is applied to liquid crystals which are sealed
between substrates in which electrodes are formed.
This type of liquid crystal display has been widely used
in recent years in various electronic equipment such as
personal computers, word processors, cellular phones,
electronic pocketbooks, and the like.

[0003] Such electronic equipment using a liquid
crystal display is designed so that the screen becomes
blank instantaneously when the power source is cut off
according to a prescribed sequence. The phenomenon
of instantaneous lighting occurs when the display is
turned off by a procedure other than the above-
described sequence, such as the case in which the bat-
tery is abruptly drawn out during the display operation,
or the electronic equipment is forcedly terminated. Spe-
cifically, in this phenomenon the screen image instanta-
neously disappears when the battery is drawn out
during display, following which lighting images such as
horizontal lines appear for a while.

[0004] The present inventors have conducted
extensive studies concerning the instantaneous lighting
phenomenon and have achieved the present invention.

SUMMARY OF THE INVENTION

[0005] Accordingly, an objective of the present
invention is to provide a semiconductor device with a
power supply circuit mounted thereon, which can pre-
vent malfunctions such as instantaneous lighting which
occurs at the time of power supply emergencies, and a
liquid crystal device and electronic equipment using the
semiconductor device.

[0006] In one aspect of the present invention, a
semiconductor device including a drive circuit, a drive
control circuit which controls the drive circuit, and a
power supply circuit which supplies a potential to the
drive circuit and drive control circuit,

wherein the power supply circuit comprises:
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a boosting circuit, to which a first power supply
potential which is a ground potential from an exter-
nal power supply and a second power supply
potential which is a potential other than the ground
potential are supplied, and raising the absolute
value of the second power supply potential and
charging the boosted potential to the capacitor; and
a bias generating circuit generating a potential sup-
plied to the drive circuit and the drive control circuit
based on the output potential of the boosting circuit,
and

wherein the first power supply potential and a
potential from the bias generating circuit are sup-
plied to the drive circuit that outputs a potential
selected from potentials supplied in accordance
with a control of the drive control circuit during a
normal power supply period, and, in the event of a
power supply emergency in which an absolute
value between the first and the second power sup-
ply potentials is lower than a given value, changes
all potentials outputted from the drive circuit into the
first power supply potential based on the signal acti-
vated in the event of the power supply emergency.

[0007] When a battery is drawn out and a power
supply is forcibly cut off, for example, the first potential
and the second potential which are supplied from exter-
nal power supply sources become equal, e.g. the same
potential as the ground potential, after a certain period
of time.

[0008] Malfunctions such as instantaneous lighting
occur because the time period required for the charge to
be stored up to the capacitor of the boosting circuit after
the forced cutoff of the power supply is longer than the
period of time for the first and the second potentials to
become equivalent.

[0009] In this instance, a potential equivalent to that
discharged after cutoff of the power supply is supplied
to the drive circuit and drive control circuit which receive
a supply of potential from the power supply circuit
including this boosting circuit. Malfunctions are caused
by such a potential.

[0010] Therefore, in the event of a power supply
emergency in which the absolute value between the first
and the second power supply potentials is lower than a
specified value, the drive circuit changes all potentials
outputted from the drive circuit to a value equivalent to
the first power supply potential (the ground potential)
based on the signals which becomes active when a
power supply emergency occurs. This causes all
devices which are operated by a potential supplied by
the semiconductor device to be completely shutoff with-
out malfunction.

[0011] In another aspect of the present invention, a
semiconductor device including a drive circuit, a drive
control circuit which controls the drive circuit, and a
power supply circuit which supplies a potential to the
drive circuit and drive control circuit,
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wherein the power supply circuit comprises:

a boosting circuit, to which a first power supply
potential which is a ground potential from an exter-
nal power supply and a second power supply
potential which is a potential other than the ground
potential are supplied, and raising the absolute
value of the second power supply potential and
charging the boosted potential to the capacitor; and
a bias generating circuit generating a potential sup-
plied to the drive circuit and the drive control circuit
based on the output potential of the boosting circuit,
wherein the first power supply potential and a
potential from the bias generating circuit are sup-
plied to the drive circuit that outputs a potential
selected from potentials supplied in accordance
with a control of the drive control circuit, and
wherein in the event of a power supply emergency
in which an absolute value between the first and the
second power supply potentials is lower than a
specified value, the drive control circuit outputs a
potential selecting signal that changes all potentials
outputted from the drive circuit into the first power
supply potential based on the signal activated when
the power supply emergency occurs.

[0012] In this aspect of the present invention, the
operation of the drive circuit in the first-mentioned
aspect in the event of a power supply emergency is per-
formed based on the potential selection signals from the
drive control circuit.

[0013] The drive control circuit preferably com-
prises:

a logic circuit to which the first and the second
power supply potentials are supplied, and output-
ting various logic levels;

a level shifter group to which a potential from the
power supply circuit and the first power supply
potential are supplied, including a plurality of level
shifters for shifting the logic levels from the logic cir-
cuit; and

a potential selection circuit for outputting potential
selection signals supplied to the drive circuit based
on the output from the level shifter group.

[0014] This constitution of the drive control circuit
ensures that both the first and the second logic levels
from the logic circuit after a battery is drawn out become
the same ground potential as each other. In this
instance, although the output from the level shifter
group may become indefinite, this can be controlled as
described above, whereby occurrence of malfunctions
can be prevented.

[0015] Preferably, the level shifter group has an
input level setting circuit for setting the input to the level
shifters at a specified value based on the signals which
become active in the event of a power supply emer-
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gency regardless of the output of the logic circuit.
[0016] In this manner, indefinite output of the level
shifter group can be prevented by setting the input to the
level shifters at a specified value in the event of a power
supply emergency. Malfunctions can then be prevented
by controlling the device in the manner described above
based on the specified value inputted to the level shifter
group.
[0017] Preferably, the potential selection circuit has
an output level setting circuit for setting the output of the
potential selection circuit at a specified value based on
the signals which become active in the event of a power
supply emergency regardless of the output of the level
shifter group.
[0018] In this manner, indefinite output of the level
shifter group can be prevented by setting the output of
the level shifters to a specified value in the event of
power supply emergencies. Malfunctions can then be
prevented by controlling the device in the manner
described above based on the specified value outputted
from the level shifters.
[0019] In this aspect and the previous aspect of the
present invention, the signals activated in the event of a
power supply emergency may be outputs from a com-
parator provided in the semiconductor device or power-
on reset signals supplied from outside the semiconduc-
tor device.
[0020] In still another aspect of the present inven-
tion, a semiconductor device including a drive circuit, a
drive control circuit which controls the drive circuit, and
a power supply circuit which supplies a potential to the
drive circuit and drive control circuit,

wherein the power supply circuit comprises:

a boosting circuit, to which a first power supply
potential which is a ground potential from an exter-
nal power supply and a second power supply
potential which is a potential other than the ground
potential are supplied, and raising the absolute
value of the second power supply potential and
charging the boosted potential to the capacitor; and
a bias generating circuit generating a potential sup-
plied to the drive circuit and the drive control circuit
based on the output potential of the boosting circuit,
and

wherein the first power supply potential and a
potential from the bias generating circuit are sup-
plied to the drive circuit that outputs a potential
selected from potentials supplied in accordance
with a control of the drive control circuit during a
normal power supply period, and

wherein the drive control circuit comprises:

a logic circuit to which the first and the second
power supply potentials are supplied, and output-
ting a first logic level and a second logic level;

a level shifter group to which a potential from the
power supply circuit and the first power supply
potential are supplied, and shifting an output level
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from the logic circuit; and

a potential selection circuit for outputting potential
selection signals supplied to the drive circuit based
on the output from the level shifter group,

wherein:

each of level shifters forming the level shifter group
comprises first and second circuits which are con-
nected in parallel between a supply line for the first
power supply potential and a supply line for a
potential supplied by the power supply circuit;

the first circuit includes a first MOS transistor of pri-
mary conductive-type, a first MOS transistor of sec-
ondary conductive-type, and a second MOS
transistor of secondary conductive-type which are
connected in series to the first circuit, the first logic
level from the logic circuit is supplied to gates of the
first MOS transistor of primary conductive-type and
the first MOS transistor of secondary conductive-
type, and a potential between the first MOS transis-
tor of primary conductive-type and the first MOS
transistor of secondary conductive-type is a first
output potential of each of the level shifters;

the second circuit includes a second MOS transis-
tor of primary conductive-type, a third MOS transis-
tor of secondary conductive-type, and a forth MOS
transistor of secondary conductive-type which are
connected in series to the second circuit, the sec-
ond logic level from the logic circuit is supplied to
gates of the second MOS transistor of primary con-
ductive-type and the third MOS transistor of sec-
ondary conductive-type, and a potential between
the second MOS transistor of primary conductive-
type and the third MOS transistor of secondary con-
ductive-type is a second output potential of each of
the level shifters;

the second output potential is supplied to a gate of
the second MOS transistor of secondary conduc-
tive-type in the first circuit, and the first output
potential is supplied to a gate of the forth MOS tran-
sistor of secondary conductive-type; and

each of the level shifters further includes a potential
maintaining circuit for maintaining the first and the
second output potentials of each of the level shifters
at a state before occurrence of a power supply
emergency, in the event of a power supply emer-
gency in which an absolute value between the first
and the second power supply potentials is lower
than a prescribed value.

[0021] Another cause of malfunction such as
instantaneous lighting is a situation where the output
from level shifters composing the shift level group
becomes indefinite according to the input in the event of
a power supply emergency.

[0022] According to this aspect of the present
invention, in the event of a power supply emergency, the
potential maintaining circuit which is provided in each
level shifter maintains the first and the second output
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potentials of the level shifter which existed prior to the
occurrence of a power supply emergency. As a result,
the output of the level shifter group does not become
indefinite at the time of a power supply emergency,
whereby malfunctions due to a power supply emer-
gency can be prevented.

[0023] The potential maintaining circuit provided in
each of the level shifters forming the level shifter group
may comprise:

a third MOS transistor of primary conductive-type
connected in parallel with the first MOS transistor of
primary conductive-type; and

a forth MOS transistor of primary conductive-type
connected in parallel with the second MOS transis-
tor of primary conductive-type.

[0024] In this instance, the second output potential
may be supplied to a gate of the third MOS transistor of
primary conductive-type, and the first output potential
may be supplied to a gate of the fourth MOS transistor
of primary conductive-type.

[0025] This constitution ensures that both the first
and the second logic levels from the logic circuit
become the same ground potentials as each other, after
a battery is drawn out, for instance. In this instance, both
the first and the second MOS transistors of primary con-
ductive-type of the level shifter are either "on" or "off".
[0026] The potential maintaining circuit turns either
one of the third and fourth MOS transistors of primary
conductive-type "on" and the other "off" at the time of a
power supply emergency. Specifically, when the state of
first MOS transistor of primary conductive-type after a
power supply emergency varies from the state before
the power supply emergency, the first output potential
causes the state of the third MOS transistor of primary
conductive-type connected in parallel to be identical to
the state of the first MOS transistor of primary conduc-
tive-type before the power supply emergency. In the
same manner, when the state of the second MOS tran-
sistor of primary conductive-type after a power supply
emergency varies from the state that existed before the
power supply emergency, the second output potential
causes the state of the fourth MOS transistor of primary
conductive-type connected in parallel to become identi-
cal to the state of second MOS transistor of primary
conductive-type before the power supply emergency.
The first and the second output potentials from the level
shifter before and after a power supply emergency can
be maintained equivalent by this action. The previous
output conditions can thus be maintained even when
the first and the second logic levels from the logic circuit
take the same logic conditions. Therefore, the first and
the second output potentials from the level shifter can
be fixed after a cutoff of the power supply. Thus, the
drive circuit may cause all output potentials to become
identical, for example, to the first power supply potential,
whereby occurrence of malfunctions can be prevented.
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[0027] It is preferable that the potential maintaining
circuit provided in at least one of the level shifters form-
ing the level shifter group includes a third MOS transis-
tor of primary conductive-type connected in parallel to
the first MOS transistor of primary conductive-type, and,
when an on/off state of the first MOS transistor of pri-
mary conductive-type changes before and after the
power supply emergency, the on/off state of the third
MOS transistor of primary conductive-type is set identi-
cal to an on/off state of the first MOS transistor of pri-
mary conductive-type which existed before the power
supply emergency.

[0028] The on/off state of the first MOS transistor of
primary conductive-type varies before and after the
power supply emergency in at least one level shifter. In
this instance, malfunctions can be prevented by setting
the state of the third MOS transistor of primary conduc-
tive-type connected in parallel to the first MOS transistor
of primary conductive-type to a state identical to that of
the first MOS transistor of primary conductive-type
before the power supply emergency.

[0029] It is preferable that the potential maintaining
circuit provided in at least one of the level shifters form-
ing the level shifter group includes a fourth MOS transis-
tor of primary conductive-type connected in parallel to
the second MOS transistor of primary conductive-type,
and, when an on/off state of the second MOS transistor
of primary conductive-type changes before and after the
power supply emergency, the on/off state of the fourth
MOS transistor of primary conductive-type after the
power supply emergency is set identical to an on/off
state of the second MOS transistor of primary conduc-
tive-type before the power supply emergency.

[0030] The on/off state of the second MOS transis-
tor of primary conductive-type varies before the power
supply emergency in at least one level shifter. In this
instance, malfunctions can be prevented by setting the
state of the third MOS transistor of primary conductive-
type connected in parallel to the second MOS transistor
of primary conductive-type to a state identical to that of
the second MOS transistor of primary conductive-type
before the power supply emergency.

[0031] The present invention can be applied to a lig-
uid crystal device and electronic equipment using the
above-described semiconductor device, and can relia-
bly prevent malfunctions which may occur in the case of
a power supply emergency, such as the case where a
battery is taken out.

BRIEF DESCRIPTION OF THE DRAWINGS
[0032]

FIG. 1 is a schematical explanation showing an out-
line of the liquid crystal device of the present inven-
tion;

FIG. 2 is a waveform chart showing a drive wave-
form supplied to the liquid crystal panel shown in
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FIG. 1;

FIG. 3 is a block diagram of the single chip semi-
conductor device, on which a drive circuit, a drive
control circuit, and a power supply circuit of FIG. 1
are mounted;

FIG. 4 is a chart showing the output characteristics
of the regulator of FIG. 3;

FIG. 5 is a circuit chart showing the voltage follower
circuit shown in FIG. 3.;

FIG. 6 is a chart illustrating operations of the boost-
ing circuit, regulator, and voltage follower circuit
shown in FIG. 3;

FIG. 7 is a circuit chart of a conventional segment
electrode drive system;

FIG. 8 is a circuit chart of a conventional common
electrode drive system;

FIG. 9 is a level shifter circuit chart of the level
shifter group of FIG. 3;

FIG. 10 is a circuit chart showing an example of the
boosting circuit of FIG. 3;

FIG. 11 is a circuit chart of the segment electrode
drive system according to an embodiment of the
present invention;

FIG. 12 is a circuit chart of the common electrode
drive system according to the embodiment of the
present invention;

FIG. 13 is a waveform chart illustrating outputs of
the comparators shown in FIGS. 11 and 12;

FIG. 14 is a circuit chart of the segment electrode
drive system according to another embodiment of
the present invention;

FIG. 15 is a circuit chart of the common electrode
drive system according to the other embodiment of
the present invention;

FIG. 16 is a circuit chart of the segment electrode
drive system according to still another embodiment
of the present invention;

FIG. 17 is a circuit chart of the common electrode
drive according to the still other embodiment of the
present invention;

FIG. 18 is a timing chart for illustrating instantane-
ous lighting malfunctions;

FIG. 19 is a circuit chart of a shift register relating to
an embodiment of the present invention, and being
an improvement of the level shifter of FIG. 9;

FIG. 20 is a timing chart for illustrating an operation
which does not create instantaneous lighting;

FIG. 21 is a circuit chart showing a modification of
the level shifter shown in FIG. 19; and

FIG. 22 is a circuit chart of another modification of
the level shifter shown in FIG. 19.

DESCRIPTION OF PREFERRED EMBODIMENT

[0033] Embodiments of the present invention will be
explained with reference to the drawings.
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(Liquid crystal device)

[0034] FIG. 1 shows a constitution of major parts of
a liquid crystal device, and FIG. 2 is an example of a
waveform chart showing a drive waveform for driving
the liquid crystal panel of FIG. 1.

[0035] In FIG. 1, a liquid crystal panel, for example,
a simple matrix pattern liquid crystal panel 10, is formed
by sealing liquid crystals between a first substrate in
which common electrodes CO to Cm are formed, and a
second substrate in which segment electrodes S0 to Sn
are formed. The point at which one common electrode
and one segment electrode cross is a display pixel. The
liquid crystal panel 10 has (m + 1) x (n + 1) display pix-
els.

[0036] Any other liquid crystal panel such as an
active matrix pattern liquid crystal display panel can be
used instead of the simple matrix pattern liquid crystal
panel 10 in this example.

[0037] As a drive circuit 20 which drives the liquid
crystal panel 10, a common driver 22 connected with
the common electrodes CO to Cm, and a segment driver
24 connected with the segment electrodes S0 to Sn are
provided. The common driver 22 and segment driver 24
are supplied with a prescribed voltage from a power
supply circuit 30, and selectively supply this prescribed
voltage to the common electrodes CO to Cm or the seg-
ment electrodes SO to Sn in accordance with signals
from the drive control circuit 40.

[0038] FIG. 2 shows an example of a drive wave-
form during a frame period in which the common elec-
trode C3 in the liquid crystal panel 10 in FIG. 1 is
selected.

[0039] In FIG. 2, the thick solid line indicates the
drive waveform supplied to each of the common elec-
trodes CO to Cm from the common driver 22, whereas
the thin solid line indicates the drive waveform supplied
to each of the segment electrodes S0 to Sn from the
segment driver 24.

[0040] The polarity of the voltage applied to the lig-
uid crystal in FIG. 2 is inverted from positive to negative,
or vice versa, according to the polarity conversion signal
FR. For this reason, six levels of drive potential VO to V5
are used.

[0041] As shown in FIG. 2, the drive waveform sup-
plied by the common driver 22 varies among the poten-
tials VO, V 1, V4, and V5. On the other hand, the drive
waveform supplied by the segment driver 24 varies
among the potentials VO, V 2, V3, and V5.

{Constitution of semiconductor device)

[0042] FIG. 3 shows details of a single chip semi-
conductor device comprising a drive circuit 20, a power
supply circuit 30, and a drive control circuit 40 of FIG. 1.
The present invention can be applied also to a configu-
ration in which the drive circuit 20, power supply circuit
30, and drive control circuit 40 are mounted on a plural-
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ity of chips respectively.

[0043] In this embodiment of the present invention
the first power supply potential to VDD is set
VDD = V0. The power supply circuit 30 produces V1 to
V5 based on the first power supply potential VDD and
the second power supply potential VSS.

[0044] The power supply circuit 30 has a first logic
circuit 31, first to third level shifters 32 to 34, a boosting
circuit 35, a constant current circuit 36, a regulator 37,
and a voltage follower circuit 38. The constant current
circuit 36, regulator 37, and voltage follower circuit 38
function as a bias generating circuit.

[0045] On the other hand, the drive control circuit
40 has a second logic circuit 41, a fourth level shifter
group 42, and a potential selection circuit 43.

[0046] The first to third level shifters 32 to 34 shift
the levels of the logic output | and the inverted output XI
of the first logic circuit 31, and the fourth level shifter
group 42 shifts the levels of the logic output | and the
inverted output Xl of the second logic circuit 41.

[0047] The potential selection circuit 43 in the drive
control circuit 40 sends signals to the drive circuit 20
instructing which of the potentials VO to V5 should be
supplied to the common electrode and the segment
electrode according to the outputs from the fourth level
shifter group 42.

[0048] In this embodiment, |VDD - VSS| =3V, for
example, VDD =V0 and VSS = -3V. The voltage
applied to the liquid crystal

differs according to the drive duty. For example, if the
duty is 1/32, 5V to 7V is required, and if the duty is 1/64,
8V to 12V is required. In either case, the voltage is
insufficient if [VDD - VSS| =3V .

[0049] Therefore, a boosting circuit 35 and a con-
stant current circuit 36 are provided in the drive circuit
30, to boost |[VDD -VSS| =3V and produce VOUT. In
the present embodiment, VOUT = -9V. As shown in FIG.
4, the regulator 37 produces a stable constant potential
V5 based on the VOUT. In addition, in the voltage fol-
lower circuit 38, the first power supply potential VDD =
V0 and the potential V5 from the regulator 37 are
divided, for example, into potentials V1 to V4. These
operations are schematically shown in FIG. 6.

[0050] To produce the voltages V1 to V4, the volt-
age follower circuit 38 has a resistance dividing circuit
38A and first to fourth differential amplifiers 38B to 38E
as shown in FIG. 5, for example. A capacitor is provided
between the supply line for voltage VO and each of the
supply lines for voltages V1 to V5 and Vout.

(Cause of instantaneous lighting}

(Conventional constitution of the fourth level shifter
group and the potential selection circuit)

[0051] Conventional constitutions of the fourth level
shifter group 42 and the potential selection circuit 43
shown in FIG. 3 will now be described referring to FIGS.
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7 and 8. FIG. 7 shows a constitution of a circuit for sup-
plying voltage to the segment electrodes SO to Sm of
the display part 10, and FIG. 8 shows a constitution of a
circuit for supplying voltage to the common electrodes
CO0 to Cn of the display part 10.

[0052] In FIG. 7, a level shifter 42A, a potential
selection block 43A, and switches SW1, SW4 to SW6
are provided as a voltage supply system for one seg-
ment electrode. In addition, a level shifter 42B which is
common to the supply system for all segment elec-
trodes is provided in the circuit of FIG. 7. The potential
selection block 43A is provided with first to fourth logic
gates 44A to 44D which controls turning on and off of
the switches SW1 and SW4 to SW6 according to the
outputs of the level shifters 42A and 42B.

[0053] The relationship between the logic of input
signal IA (the signal input to the input terminal | of the
level shifter 42A) and input signal IB (the signal input to
the input terminal | of the level shifter 42B), and the volt-
age supplied to the segment electrode is shown in Table
1.

Table 1
IA H H L
1B H L H
SEG | V5 | VO | V3 | V2

[0054] On the other hand, the system supplying
voltage to one common electrode shown in FIG. 8 is
provided with a level shifter 42C, a potential selection
block 43B, and switches SW1 to SW4. A level shifter
42D which is common to the supply system for all com-
mon electrodes is also provided in the constitution of
FIG. 8. The potential selection block 43B is provided
with first to fourth logic gates 45A to 45D which controls
turning on and off of the switches SW1 to SW4 accord-
ing to the outputs of the level shifters 42C and 42D.
[0055] The relationship between the logic of input
signal IC (the signal input to the input terminal | of the
level shifter 42C) and input signal ID (the signal input to
the input terminal | of the level shifter 42D), and the volt-
age supplied to the common electrode is shown in Table
2.

Table 2
IC H H L
ID L H L H
VO | V5 | V4 | W1
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(Constitution of each level shifter in the fourth level
shifter group)

[0056] The level shifters 42A to 42D, etc. which con-
stitutes the fourth level shifter group shown in FIG. 3 will
now be described referring FIG. 9. As shown in FIG. 9,
the level shifters constituting the fourth level shifter
group has first and second circuits 55 and 65 connected
in parallel to each other. A first P-type MOS transistor
50, a first N-type MOS ftransistor 51, and a second N-
type MOS ftransistor 52 are connected in series
between the supply line of the first power supply poten-
tial VDD (= VO0) and the supply line of the potential V5,
thereby forming a first circuit 55. An output | from the
second logic circuit 41 shown in FIG. 2 is supplied to the
gate of the first P-type MOS transistor 50 and the gate
of the first N-type MOS transistor 51.

[0057] Parallel to these transistors 50 to 51, a sec-
ond P-type MOS transistor 60, a third N-type MOS tran-
sistor 61, and a fourth N-type MOS transistor 62 are
connected in series, whereby a second circuit 65 is
formed. An inverted output XI from the second logic cir-
cuit 41 shown in FIG. 2 is supplied to the gate of the
second P-type MOS transistor 60 and the gate of the
third N-type MOS transistor 61.

[0058] Here, the potential between the first P-type
MOS transistor 50 and the first N-type MOS transistor
51 is the inverted output XO of the level shifter 42, and
the potential between the second P-type MOS transistor
60 and the third N-type MOS transistor 61 is the output
O of the level shifter 42. The inverted output XO is sup-
plied to the gate of the fourth N-type MOS transistor 62,
and the output O is supplied to the gate of the second N-
type MOS transistor 52.

(Operation of the fourth level shifter group)

[0059] Next, operation of the level shifter group
shown in FIG. 9 will be described.

[0060] Input-output characteristics of the level
shifter shown in FIG. 9 are shown in the following Table
3.

Table 3
Input | Input XI | Output O
H(VDD) | L(VSS) | H(vDD)
L(vSS) | H(vDD) | L(V5)
H(VDD) | H(VDD) | Indefinite
L(VSS) | L(VSS) | Indefinite

[0061] I=XI=H(VDD) or I=XI=L(VSS) in
Table 3 indicates the state when the power supply is for-
cibly shut-off, such as the case where the battery is
drawn out. In the case where VDD = OV and VSS = -3V
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are satisfied, the equation | = Xl = VDD = QV s effec-
tive when the power supply is forcibly shut-off.

[0062] Assuming that I =H (vDD) and
XI =L (VSS) are satisfied before forcible shut-off of the
power supply in the level shifter shown in FIG. 9, what
will happen when the power supply is forcibly shut-off
will be discussed.

[0063] In this instance, if the power supply is forcibly
shut-off, the input(l) from the second logic circuit 41 will
become |=Xl=H (VDD), the second P-type MOS
transistor 60 turns "off" from "on", and the third N-type
MOS transistor 61 turns "on" from "off". Although V5
generated from VOUT shown in FIG. 2 also changes to
VDD, this change from V5 to VDD (V5—VDD) is slower
than the change from VSS to VDD (VSS —VDD).
[0064] The reason will be discussed referring to
FIG. 10 which shows details of a conventional triple
boosting circuit 35.

[0065] In FIG. 10, an output O of the third level
shifter 34 is supplied to the gates of the first and third N-
type MOS transistors 81 and 83, and an output XO of
the third level shifter 34 is supplied to the gate of the
second N-type MOS transistor 82.

[0066] This boosting circuit 35 has capacitors C1 to
C3 which are charged by N to type MOS transistors 81
to 83, of which on/off operation is controlled by the out-
put O and output XO of the third level shifter 34. The
output potential VOUT is determined by the amount of
the charge provided to the capacitor C3.

[0067] If the power supply is forcibly shutoff, the
capacitor C3 is discharged. The speed of discharge,
however, is so slow that discharge will not be completed
after the first and the second power supply potentials
VDD and VSS become equivalent. Because a potential
V5 is generated by a potential VOUT, this potential V5
also does not become equivalent to VDD (= 0V) imme-
diately according to the effect of the charge in the
capacitor C3.

[0068] Here, it is assumed that before forced shut-
off of the power supply the input of level shifters 42A,
42B shown in FIG. 7 are IA =1B = H, the input of level
shifters 42C, 42D shown in FIG. 8 are IC =H, ID =L,
and the segment electrode and common electrode are
provided with a potential VO = VDD as shown in FIG. 18.
[0069] When the power supply is shut-off, both the
inputs | and Xl of level shifters 42A to 42D will become
HIGH, because there is no logic power supplied to the
second logic circuit 41 which is shown in FIG. 3. Thus,
the output O of each level shifter 42A to 42D will
become indefinite as shown in Table 3. For this reason,
the potential VO, which has been selected to be sup-
plied to the segment electrode and common electrode,
changes to the other potential (see FIG. 18), whereby
the phenomenon of instantaneous lighting occurs in the
liquid crystal panel 10 shown in FIG. 1.

[0070] When the power supply is cut off, the output
data VO from each shift register is refreshed as capaci-
tors are discharged, in the same manner as in the
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dynamic data holding action in DRAM where data left in
the capacitor is held. This is equivalent to the action of
dynamically holding data.

[0071] Specifically, the potential of the output O is
decreased to an intermediate level by the on/off opera-
tions of the second P-type MOS transistor 60 and the
third N-type MOS transistor 61 which are shown in FIG.
9. Finally, the second N-type MOS transistor 52 is
turned "off" from "on". The potential of the output XO
thus increases.

[0072] This causes the gate potential of the first to
sixth switches (MOS transistor) SW1 to SW6 of the
drive circuit 20 shown in FIGS. 7 and 8 to change via the
potential selection circuit 43. However, the potential V1
to V5 are not completely discharged due to the effects
of the capacitor C2. The above-mentioned instantane-
ous lighting will occur for these reasons.

(Countermeasure against instantaneous lighting}

(Countermeasure against instantaneous lighting in the
fourth level shifter group)

[0073] FIGS. 11 and 12 show segment and com-
mon electrode systems in the embodiment of the
present invention, in which improved level shifters are
used rather than the conventional level shifters shown in
FIGS. 7 and 8.

[0074] In FIGS. 11 and 12, the segment electrode
drive system and common electrode drive system are
provided with a comparator 100, a reference potential
generating circuit 101, and a buffer 102A, all used in
common with these drives.

[0075] A P-type MOS transistor 103 is provided
between an input line connected to the input terminal |
of the level shifter 42A and a supply line for the first
power supply potential VDD, as shown in FIG. 11. In the
same manner, a P-type MOS transistor 104 is provided
between an input line connected to the input terminal |
of the level shifter 42B and a supply line for the first
power supply potential VDD, as shown also in FIG. 11.
[0076] On the other hand, a P-type MOS transistor
105 is provided between an input line connected to the
input terminal | of the level shifter 42C and a supply line
for the first power supply potential VDD, as shown in
FIG. 12. In the same manner, a P-type MOS transistor
106 is provided between an input line connected to the
input terminal | of the level shifter 42D and a supply line
for the first power supply potential VDD, as shown also
in FIG. 12.

[0077] A reference potential VREG is input to the
input terminal of the comparator 100, whereas a second
power supply potential VSS is input to the inverted input
terminal. The reference potential VREG is produced in
the reference potential generating circuit 101 based on
the first power supply potential VDD (= OV). VREG is -
1.8V, for example. The reference potential generating
circuit 101 is made up of one or more N-type MOS tran-
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sistors which are connected in series and can produce
the reference potential VREG by causing the voltage of
the first power supply potential VDD to be reduced by
the threshold voltage Vth of each transistor.

[0078] As the output of the comparator 100, HIGH
(VDD) is outputted under normal conditions in which the
second power supply potential VSS is lower than the
reference potential VREG, and LOW (V5) is outputted in
the case such as when the power supply is forcibly cut
off, in which case the second power supply potential
VSS is higher than the reference potential VREG. The
output of the buffer 102A is also HIGH (VDD) when the
power supply potential is normal, and is LOW (V5) when
the power supply potential is abnormal.

[0079] The comparator 100, reference potential
generating circuit 101, and buffer 102A do not neces-
sarily have to be provided in the semiconductor device
with the power supply circuit 30 and the like mounted
thereon. Instead of using the output from the buffer
102A, it is possible to supply pour-on-reset signals from
outside the semiconductor device to the gate of the
fourth P-type MOS transistor 63. The power-on-reset
signals are detector outputs which always detect poten-
tials of external power supplies and become active
when the power supply potential falls below a pre-
scribed value. Therefore, if the power-on-reset signal is
LOW active, this is equivalent to the output of the buffer
102A.

[0080] When the power supply potential is not nor-
mal, the output of the buffer 102A becomes LOW (V5)
and all four P-type MOS transistors 103 to 106 are
turned on, as mentioned above. Therefore, regardless
of the logic of signals IA to ID, HIGH (VDD) is inputted in
the input terminal | of the level shifters 42A to 42C and
LOW (V%) is inputted to the input terminal XI. In addi-
tion, LOW (V5) is inputted in the input terminal | of the
level shifter 42D and HIGH (VDD) is input to the input
terminal XI.

[0081] Therefore, when the power supply potential
is not normal, all switches SW5 to SW6 may set "off",
leaving only the switch SW1 "on" by turning only the
fourth logic gate 44D "on" in FIG. 11. According to this
embodiment the present invention, it is possible to
cause the drive circuit 20 to supply the potential VO (=
VDD) to all segment electrodes shown in FIG. 3 by for-
cibly setting the level shifters 42A and 42B to input
(I, XI) = (H, L), when the power supply potential is not
normal.

[0082] In the same manner, when the power supply
potential is not normal, all switches SW2 to SW4 may
set "off", leaving only the switch SW1 "on" by turning
only the fourth logic gate 45A "on" in FIG. 12. According
to this embodiment of the present invention, it is possi-
ble to cause the drive circuit 20 to supply the potential
VO (= VDD) to all common electrodes shown in FIG. 3
by forcibly setting the level shifter 42D to input
(I, XI) = (H, L), when the power supply potential is not
normal.
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[0083] Accordingly, when the power supply poten-
tial is not normal, malfunctions such as instantaneous
lighting of the liquid crystal panel 10 can be prevented
by providing all of the segment electrodes and common
electrodes with the potential VO (= VDD = 0V).

[0084] However, it is preferable that P-type MOS
transistors 103 to 106 have a low "ON" resistance (a
high capacity).

[0085] Furthermore, to prevent occurrence of the
cases in which two switches among the switches SW1
and SW4 to SW6 in the segment electrode drive system
are simultaneously "on" or two switches among the
switches SW1 to SW4 in the common electrode drive
system are simultaneously "on", it is desirable to pro-
vide a period of time during which all switches SW1 to
SW6 are turned off.

(Countermeasure against instantaneous lighting in the
potential selection circuit 43)

[0086] FIGS. 14 and 15 respectively show a seg-
ment electrode drive system and common electrode
drive system for a potential selection circuit 43 with
which countermeasures against instantaneous lighting
is provided.

[0087] When the power supply is forcibly shut-off,
the potential selection circuit 43 turns "on" only the
switch SW1 which selects a potential VO (= VDD),
among the switches SW1 to SW6 in the drive circuit 20
shown in FIGS 14 and 15, and outputs signals for turn-
ing all other switches SW2 to SW6 "off".

[0088] The segment electrode drive system shown
in FIG. 14 is provided with first to fifth logic gates 46A to
46E which control switches SW1 and SW4 to SW6 on-
and-off according to the outputs from the level shifter
42A, 42B, comparator 100, and inversion element
102B.

[0089] In the sane manner, the common electrode
drive system shown in FIG. 15 is provided with first to
fifth logic gates 47A to 47E which control switches SW1
to SW4 on-and-off according to the outputs from the
level shifter 42A, 42B, comparator 100, and inversion
element 102B.

[0090] When the power supply potential is normal,
the output of the comparator 100 is HIGH and the output
of the inversion element 102B is LOW. The potential
supplied to each segment electrode changes as shown
in Table 1 in accordance with the logical state of the
input signals IA and IB to the level shifters 42A and 42B.
[0091] On the other hand, when the power supply
potential is not normal, the output of the comparator 100
is LOW and the output of the inversion element 102B is
HIGFH. For this reason, the output from the fifth logic
gate (AND gate) 46E, to which the output (LOW) from
the comparator 100 is input, is LOW regardless of logi-
cal states of the input signals IA and IB to the level shift-
ers 42A and 42B, whereby the switch SW1 is turned
"on". Switches SW5 to SW6 are turned "off" regardless
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of logical states of the input signals IA and IB to the level
shifters 42A and 42B. All segment electrodes can be
supplied with potential VO (= VDD) by the drive circuit 20
in this manner.

[0092] When the power supply potential is normal,
the output of the comparator 100 is HIGH and the output
of the inversion element 102B is LOW also on the com-
mon electrode. Therefore, the potential supplied to each
segment electrode changes as shown in the above
Table 2 according to logic states of input signals IC and
ID to the level shifters 42C and 42D.

[0093] On the other hand, when the power supply
potential is not normal, the output of the comparator 100
is LOW and the output of the inversion element 102B is
HIGFH. For this reason, the output from the fifth logic
gate 47E, to which the output (LOW) from the compara-
tor 100 is input, is LOW regardless of logical states of
the input signals IA and IB to the level shifters 42A and
42B, whereby the switch SW1 is turned "on". Switches
SW2 to SW4 are turned "off" regardless of the logical
states of the input signals IC and ID to the level shifters
42C and 42D. All common electrodes can be supplied
with potential VO (= VDD) by the drive circuit 20 in this
manner.

[0094] Accordingly, when the power supply poten-
tial is not normal, malfunctions such as instantaneous
lighting of the liquid crystal panel 10 can be prevented
by providing all of the segment electrodes and common
electrodes with the potential VO (= VDD = 0V) .

(Countermeasure against instantaneous lighting in the
drive circuit 20)

[0095] An unproved structured of a final output
stage of the drive circuit 20 of FIG. 3 is shown in FIG. 16
and FIG. 17. As shown in FIG. 16 and FIG. 17, all com-
mon electrodes CO to Cn and all segment electrodes SO
to Sm are respectively connected to a P-type MOS tran-
sistor 300. In addition, the segment electrode drive sys-
tem and common electrode drive system shown in FIG.
16 and FIG. 17 are provided with a comparator 100, a
reference potential generating circuit 101, and a buffer
102A, all used in common with these drives systems.
[0096] When the power supply potential is abnor-
mal, the output of the buffer 102A is LOW, causing each
P-type MOS transistor 300 to be turned on. This
ensures forcible supply of the first power supply poten-
tial VDD (= 0V) to all common electrodes CO to Cn and
all segment electrodes SO to Sm as shown in FIG. 20,
even if the output from the level shifter 42 in FIG. 9
becomes indefinite. Malfunctions of instantaneous light-
ing can be prevented in this manner.

[0097] In this case, each P-type MOS transistor 300
must have a lower "on"-resistance (higher capacity)
than the MOS transistors constituting switches SW1 to
SW6. For example, when the "on"-resistance of
switches SW1 to SW6 is 1 to 2 K Q, "on"-resistance of
the P-type MOS transistors 103 to 106 should be sev-
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eral tens of Q.

{Other countermeasure against instantaneous lighting
in the fourth level shifter group

(Constitution of each level shifter in the fourth level
shifter group)

[0098] The level shifters 42A to 42D, etc. which con-
stitute the fourth level shifter group shown in FIG. 3 will
now be described referring to FIG. 19. As shown in FIG.
19, each of the level shifters constituting the fourth level
shifter group 42 has the first and the second circuits 55
and 65 which are connected in parallel to each other. A
first P-type MOS transistor 50, a first N-type MOS tran-
sistor 51, and a second N-type MOS transistor 52 are
connected in series between the supply line for the first
power supply potential VDD (= VO0) and the supply line
for the potential V5, thereby forming a first circuit 55. An
output | from the second logic circuit 41 shown in FIG. 2
is supplied to the gate of the first P-type MOS transistor
50 and the gate of the first N-type MOS transistor 51.
[0099] Parallel to these transistors 50 to 51, a sec-
ond P-type MOS transistor 60, a third N-type MOS tran-
sistor 61, and a fourth N-type MOS transistor 62 are
connected in series, whereby a second circuit 65 is
formed. An inverted output XI from the second logic cir-
cuit 41 shown in FIG. 2 is supplied to the gate of the
second P-type MOS transistor 60 and the gate of the
third N-type MOS transistor 61.

[0100] Here, the potential between the first P-type
MOS transistor 50 and the first N-type MOS transistor
51 is the inverted output XO of the level shifter 42, and
the potential between the second P-type MOS transistor
60 and the third N-type MOS transistor 61 is the output
O of the level shifter 42. The inverted output XO is sup-
plied to the gate of the fourth N-type MOS transistor 62,
and the output O is supplied to the gate of the second N-
type MOS transistor 52.

[0101] In this embodiment, a third P-type MOS tran-
sistor 53 is provided parallel to the first P-type MOS
transistor 50, and a fourth P-type MOS transistor 63 is
provided parallel to the second P-type MOS transistor
60. The inverted output XO is supplied to the gate of the
fourth P-type MOS transistor 63, and the output O is
supplied to the gate of the third P-type MOS transistor
53.

(Operation of the fourth level shifter group)

[0102] The operation of the level shifter in this
embodiment of the present invention shown in FIG. 19
will now be described, comparing with the operation of
a conventional level shifter shown in FIG. 9 which does
not have the third and fourth P-type MOS transistors 53
and 63.

[0103] In the conventional level shifter shown in
FIG. 9, when an input of | = XI = OV = HIGH is estab-
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lished by turning the power supply off, the potential of
the output O decreases to an intermediate level by the
on/off operations of the second P-type MOS transistor
60 and the third N-type MOS transistor 61, finally caus-
ing the second N-type MOS transistor 52 to be turned
"off" from "on". The potential of the output XO thus
increases, causing the output to be indefinite. This
results in instantaneous lighting.

[0104] In contrast, when the level shifter in this
embodiment shown in FIG. 19 is applied to the first to
third level shifters 42A to 42C, the relationship
IA=1IB =1C = HIGH is established by a power saving
command and reset before cut-off of the power supply,
and the level shifter inputs in FIG. 19 are | = HIGH and
XI = LOW. In this instance, the outputs of the level
shifter are O = VDD = HIGH and XO =V5 =LOW .
[0105] When the relationship |=XI=HIGH is
established by a power supply shut-off after this, the
second P-type MOS transistor 60 changes from "on" to
"off". However, the fourth P-type MOS transistor 63,
which is connected in parallel with the second P-type
MOS transistor 60, continues to be "on" because the
gate is charged with the potential of the output XO = V5.
Therefore the output O remains as output O = VDD. If
the output O = VDD is maintained, the first and third P-
type MOS transistors 50, 53 are turned "off" because of
the relationship of the input I = H (VDD), thereby turning
the first and the second N-type MOS transistors 51 and
52 "on". An inverted output XO = V5 can thus be main-
tained.

[0106] In this manner, even if the input from the sec-
ond logic circuit 41 is | = XI = H (VDD) in the event of a
power supply shut-off, the outputs (O, XO) of the level
shifters 42A to 42C in the fourth level shifter group 42 in
the embodiment shown in FIG. 19 can be set to the out-
put conditions (VDD, V5) which were effective before
the power supply shut-off. Thus, the output will not
become indefinite as in the case of the conventional
level shifters shown in FIG. 9.

[0107] Accordingly, in the level shifters 42A to 42C
shown in FIG. 7 and FIG. 8, when the input is
I=XI=HIGH, the output is O =VDD=HIGH,
XO =V5=LOW. Thus, the state before power supply
shut-off can be maintained.

[0108] In the level shifter 42D shown in FIG. 8, the
input and output of the level shifter shown in FIG. 19
before shut-off the power supply are respectively | =
Low, Xl = HIGH and O=V5=LOW,
XO = VDD = HIGH . When the power supply is discon-
nected after this, even if the first P-type MOS transistor
50 in FIG. 19 is turned "off" from "on", the third P-type
MOS transistor 53 which is connected parallel to this
transistor 50 continues to be "on" because the gate is
charged with a potential of the output O = V5. Thus, the
output XO can be maintained at XO = VDD. When the
output XO = VDD is maintained, both the second and
fourth P-type MOS transistors 50, 53 continue to be "off"
because of the relationship of the input Xl =H (VDD),
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thereby holding the third and fourth N-type MOS transis-
tors 61 and 62 "on". An output XO = V5 can thus be
maintained.

[0109] In this manner, ever after a shutoff of the
power supply the third and fourth level shifters 42C and
42D in FIG. 8 can maintain the same output conditions
as those which existed before the shut-off. Therefore,
each level shifter 42A to 42D in FIG. 7 and FIG. 8 can be
operated in a normal manner to continue supply of
potential VO to all common and segment electrodes as
shown in FIG. 20. Instantaneous lighting can thus be
prevented.

(Modification of level shifter)

[0110] FIG. 21 and FIG. 22 are modified examples
of the level shifter provided with measures for prevent-
ing malfunctions due to instantaneous lighting.

[0111] In FIG. 21, a fourth P-type MOS transistor 63
is provided being connected parallel with the second P-
type MOS transistor 60, but the third P-type MOS tran-
sistor 53 is not provided. In FIG. 22, on the other hand,
a third P-type MOS transistor 53 is provided being con-
nected parallel with the first P-type MOS transistor 50,
but the fourth P-type MOS transistor 63 is not provided.
[0112] The gate of the fourth P-type MOS transistor
63 in FIG. 21 and the gate of the third P-type MOS tran-
sistor 53 in FIG. 22 are supplied with the output of the
comparator 100 which was described in the above
described embodiment. Because the output of the com-
parator 100 is the same as that shown in FIG. 13, the
fourth P-type MOS transistor 63 in FIG. 21 and the third
P-type MOS transistor 53 in FIG. 22 are turned “on" at
the time of a power supply emergency.

[0113] The level shifter of the present embodiment
shown in FIG. 21 can be applied to the first to third level
shifters 42A to 42C in FIGS. 7 and 8. Because the rela-
tionship of IA=1B =1C =HIGH was effective among
the level shifters 42A to 42C before the power supply
shut-off, the level shifter inputs are | = HIGH and XI =
LOW in FIG. 21. In this instance, the outputs of the level
shifter are O = VDD = HIGH and XO =V5 =LOW.
[0114] When the relationship [=XI=HIGH s
established by a power supply shut-off after this, the
second P-type MOS transistor 60 changes from "on" to
"off". However, the fourth P-type MOS transistor 63
which is connected in parallel with the second P-type
MOS transistor 60 is turned "on" at the time of the power
supply emergency by the LOW signal from the compa-
rator 100. The output O = VDD can be maintained in this
manner. When the output XO = V5 is maintained, both
the first and third P-type MOS transistors 50, 53 are
turned "off" because of the relationship of the input
| =H (VDD), thereby turning the first and the second N-
type MOS transistors 51 and 52 "on". An inverted output
XO = V5 can thus be maintained.

[0115] Therefore, even if the level shifter of FIG. 21
is applied to the first to third level shifters 42A to 42C in
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FIGS 7 and 8, the same results as the results obtained
using the level shifter shown in FIG. 19 can be obtained.

[0116] On the other hand, if the level shifter shown
in FIG. 22 is applied to the level shifter shown in FIG.8,
the input of the level shifter shown in FIG. 22 before shut
off the power supply is | = LOW, XI = HIGH and the out-
putis O =V5=LOW, XO =VDD = HIGH. When the
power supply is disconnected after this, even if the first
P-type MOS transistor 50 in FIG. 22 is turned "off" from
"on", the third P-type MOS transistor 53 which is con-
nected in parallel with this transistor 50 is maintained
"on" due to the output of the comparator 100 at the time
of the power supply emergency. Thus, the output XO
can be maintained at XO = VDD. When the output XO =
VDD is maintained, both the second and fourth P-type
MOS transistors 50, 53 are turned "off" because of the
relationship of the input XI =H (VDD), thereby holding
the third and fourth N-type MOS transistors 61 and 62 to
be "on". An output XO = V5 can thus be maintained.
[0117] Therefore, even if the level shifter of FIG. 22
is applied to the level shifter 42D in FIG 8, the same
results as the results obtained using the level shifter
shown in FIG. 19 can be obtained.

[0118] The present invention is not limited to the
embodiments described above, and many modifications
and variations are possible without departing from the
spirit and scope of the present invention.

[0119] For example, it is needless to mention that
the second power supply potential which was a negative
potential in the embodiments described above may be a
positive potential.

[0120] The present invention can be applied to var-
ious types of electronic equipment such as cellular
phones, game machines, electronic pocketbooks, per-
sonal computers, word processor equipment, naviga-
tion devices, and the like on which the liquid crystal
panel 10 shown in FIG. 1 is mounted.

Claims

1. A semiconductor device including a drive circuit, a
drive control circuit which controls the drive circuit,
and a power supply circuit which supplies a poten-
tial to the drive circuit and drive control circuit,
wherein the power supply circuit comprises:

a boosting circuit, to which a first power supply
potential which is a ground potential from an
external power supply and a second power
supply potential which is a potential other than
the ground potential are supplied, and raising
the absolute value of the second power supply
potential and charging the boosted potential to
the capacitor; and

a bias generating circuit generating a potential
supplied to the drive circuit and the drive con-
trol circuit based on the output potential of the
boosting circuit, and
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wherein the first power supply potential and a
potential from the bias generating circuit are
supplied to the drive circuit that outputs a
potential selected from potentials supplied in
accordance with a control of the drive control
circuit during a normal power supply period,
and, in the event of a power supply emergency
in which an absolute value between the first
and the second power supply potentials is
lower than a given value, changes all potentials
outputted from the drive circuit into the first
power supply potential based on the signal
activated in the event of the power supply
emergency.

The semiconductor device according to claim 1, fur-
ther comprising a comparator which compares a
reference potential having an absolute value
smaller than the absolute value between the first
and the second power supply potentials, with the
second power supply potential, so that a signal acti-
vated in the event of the power supply emergency is
outputted.

The semiconductor device according to claim 1,
wherein the signal activated in the event of the
power supply emergency is a power-on-reset signal
which is supplied from outside the semiconductor
device.

A semiconductor device including a drive circuit, a
drive control circuit which controls the drive circuit,
and a power supply circuit which supplies a poten-
tial to the drive circuit and drive control circuit,
wherein the power supply circuit comprises:

a boosting circuit, to which a first power supply
potential which is a ground potential from an
external power supply and a second power
supply potential which is a potential other than
the ground potential are supplied, and raising
the absolute value of the second power supply
potential and charging the boosted potential to
the capacitor; and

a bias generating circuit generating a potential
supplied to the drive circuit and the drive con-
trol circuit based on the output potential of the
boosting circuit,

wherein the first power supply potential and a
potential from the bias generating circuit are
supplied to the drive circuit that outputs a
potential selected from potentials supplied in
accordance with a control of the drive control
circuit, and

wherein in the event of a power supply emer-
gency in which an absolute value between the
first and the second power supply potentials is
lower than a specified value, the drive control
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circuit outputs a potential selecting signal that
changes all potentials outputted from the drive
circuit into the first power supply potential
based on the signal activated when the power
supply emergency occurs.

The semiconductor device according to claim 4,
wherein the drive control circuit comprises:

a logic circuit to which the first and the second
power supply potentials are supplied, and out-
putting various logic levels;

a level shifter group to which a potential from
the power supply circuit and the first power
supply potential are supplied, including a plu-
rality of level shifters for shifting the logic levels
from the logic circuit; and

a potential selection circuit for outputting poten-
tial selection signals supplied to the drive circuit
based on the output from the level shifter
group.

The semiconductor device according to claim 5,
wherein the level shifter group has an input level
setting circuit for setting the input to the level shift-
ers at a specified value based on the signals which
become active in the event of a power supply emer-
gency regardless of the output of the logic circuit.

The semiconductor device according to claim 5,
wherein the potential selection circuit has an output
level setting circuit for setting the output of the
potential selection circuit at a specified value based
on the signals which become active in the event of
a power supply emergency regardless of the output
of the level shifter group.

The semiconductor device according to any one of
claims 4 to 7, further comprising a comparator
which compares a reference potential having an
absolute value smaller than the absolute value
between the first and the second power supply
potentials, with the second power supply potential,
so that a signal activated in the event of the power
supply emergency is outputted.

The semiconductor device according to any one of
claims 4 to 7,

wherein the signal activated in the event of the
power supply emergency is a power-on-reset signal
which is supplied from outside the semiconductor
device.

A semiconductor device including a drive circuit, a
drive control circuit which controls the drive circuit,
and a power supply circuit which supplies a poten-
tial to the drive circuit and drive control circuit,
wherein the power supply circuit comprises:
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a boosting circuit, to which a first power supply
potential which is a ground potential from an
external power supply and a second power
supply potential which is a potential other than
the ground potential are supplied, and raising
the absolute value of the second power supply
potential and charging the boosted potential to
the capacitor; and

a bias generating circuit generating a potential
supplied to the drive circuit and the drive con-
trol circuit based on the output potential of the
boosting circuit, and

wherein the first power supply potential and a
potential from the bias generating circuit are
supplied to the drive circuit that outputs a
potential selected from potentials supplied in
accordance with a control of the drive control
circuit during a normal power supply period,
and

wherein the drive control circuit comprises:

a logic circuit to which the first and the second
power supply potentials are supplied, and out-
putting a first logic level and a second logic
level;

a level shifter group to which a potential from
the power supply circuit and the first power
supply potential are supplied, and shifting an
output level from the logic circuit; and

a potential selection circuit for outputting poten-
tial selection signals supplied to the drive circuit
based on the output from the level shifter
group,

wherein:

each of level shifters forming the level shifter
group comprises first and second circuits which
are connected in parallel between a supply line
for the first power supply potential and a supply
line for a potential supplied by the power supply
circuit;

the first circuit includes a first MOS transistor of
primary conductive-type, a first MOS transistor
of secondary conductive-type, and a second
MQOS transistor of secondary conductive-type
which are connected in series to the first circuit,
the first logic level from the logic circuit is sup-
plied to gates of the first MOS transistor of pri-
mary conductive-type and the first MOS
transistor of secondary conductive-type, and a
potential between the first MOS transistor of
primary conductive-type and the first MOS
transistor of secondary conductive-type is a
first output potential of each of the level shift-
ers;

the second circuit includes a second MOS tran-
sistor of primary conductive-type, a third MOS
transistor of secondary conductive-type, and a
forth MOS transistor of secondary conductive-
type which are connected in series to the sec-
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ond circuit, the second logic level from the logic
circuit is supplied to gates of the second MOS
transistor of primary conductive-type and the
third MOS transistor of secondary conductive-
type, and a potential between the second MOS
transistor of primary conductive-type and the
third MOS transistor of secondary conductive-
type is a second output potential of each of the
level shifters;

the second output potential is supplied to a
gate of the second MOS transistor of second-
ary conductive-type in the first circuit, and the
first output potential is supplied to a gate of the
forth MOS transistor of secondary conductive-
type; and

each of the level shifters further includes a
potential maintaining circuit for maintaining the
first and the second output potentials of each of
the level shifters at a state before occurrence of
a power supply emergency, in the event of a
power supply emergency in which an absolute
value between the first and the second power
supply potentials is lower than a prescribed
value.

The semiconductor device according to claim 10,
wherein the potential maintaining circuit provided in
each of the level shifters forming the level shifter
group comprises:

a third MOS ftransistor of primary conductive-
type connected in parallel with the first MOS
transistor of primary conductive-type; and

a forth MOS transistor of primary conductive-
type connected in parallel with the second
MOS transistor of primary conductive-type, and
wherein the second output potential is supplied
to a gate of the third MOS transistor of primary
conductive-type, and the first output potential is
supplied to a gate of the fourth MOS transistor
of primary conductive-type.

The semiconductor device according to claim 10,
wherein the potential maintaining circuit provided in
at least one of the level shifters forming the level
shifter group includes a third MOS transistor of pri-
mary conductive-type connected in parallel to the
first MOS transistor of primary conductive-type,
and, when an on/off state of the first MOS transistor
of primary conductive-type changes before and
after the power supply emergency, the on/off state
of the third MOS transistor of primary conductive-
type is set identical to an on/off state of the first
MOS transistor of primary conductive-type which
existed before the power supply emergency.

The semiconductor device according to claim 10,
wherein the potential maintaining circuit provided in
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at least one of the level shifters forming the level
shifter group includes a fourth MOS transistor of pri-
mary conductive-type connected in parallel to the
second MOS transistor of primary conductive-type,
and, when an on/off state of the second MOS tran-
sistor of primary conductive-type changes before
and after the power supply emergency, the on/off
state of the fourth MOS transistor of primary con-
ductive-type after the power supply emergency is
set identical to an on/off state of the second MOS
transistor of primary conductive-type before the
power supply emergency.

A liquid crystal device comprising the semiconduc-
tor device as defined in any one of claims 1 to 13,
and a liquid crystal panel being driven based on the
voltage supplied by the semiconductor device.

Electronic equipment comprising the liquid crystal
device as defined in claim 14.
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